INTRODUCTION
Winter wheat is one of the most productive and important cereal species for food grain production used in Latvia . The yield and baking quality parameters depend on meteorological conditions, fertiliser treatment, and the cultivar (Ðip et al., 2000; Stankovski et al., 2004; Koppel and Ingver, 2008; Kreita and Ruþa, 2008) .
Quality parameters of winter wheat are not stable between production years because of changes in factors such as initiation of the growing season, distribution of rainfall and heat units available for crop growth during corresponding phases of plant growth and development (Cesevièienë et al., 2009) . Addition of nitrogen fertiliser in accordance with the plant requirement is necessary to attain high yields and quality of winter wheat (Ragasits, 2000; L-Baeckström et al., 2006) .
Protein is a direct indicator of flour strength and breadbaking potential (Anjum and Walker, 2000) . The doughforming protein of wheat flour (gluten) is the key to the unique ability of wheat to suit the production of leavened products (Day et al., 2006) .
Grain protein content significantly varies depending on the cultivars. Protein accumulation in bred wheat largely depends on the weather conditions of the year and distribution of nitrogen rates during the growing season (Panozzo, 2000; Fowler, 2003; Krejèirova et al., 2006) . Warm weather and nitrogen fertilisation increases grain protein and wet gluten content, while high temperature decreases these grain quality indices (Triboi, 2003) . Muchova (2003) , who tested 22 indicators of bred wheat grain and flour, suggested that weather conditions of the year had the greatest effect on baking qualities, whereas the effect of fertiliser and other factors was insignificant. Moisture is a critical factor for the formation of final compounds. The ripening process is severely hindered when plants are deficient in water during the period of 1-14 days after grain setting. Cobellini et al. (1997) concluded that high air temperatures at the beginning of grain ripening does not affect protein accumulation in grain, but in the middle and end of ripening the damage done by high air temperatures is considerable.
Sedimentation value provides an indication of protein quality. Flour of the first quality class (60 cm 3 ) is very hard and useful when mixed with comparatively weak flour. Second class (40-60 cm 3 ) flour is hard and useful for direct baking or mixing with comparatively weak flour. Third-class (22-40 cm 3 ) flour is useful for direct baking, and fourth (cm 3 ) class flour is very weak flour (Ruþa, 1998) . Sedimentation declines due to drought but not due to heat stress at the end of grain ripening (Gooding et al., 2003) .
Wet gluten content and index data are in the focus of bakers' and millers' interests. Gluten content depends on the ratio of protein fractions in grain, which is affected both by plant supply with nutrients at the grain ripening stage and wetter conditions at the same stage (Triboi, 2003) . Vol. 66 (2012), No. 4/5 (679/680) Cereals maturation and harvesting can occur during rainfall periods, which often can be a reason for lower grain quality and even grain sprouting in ears. Cereal grain has the highest quality during the growth period between wax maturity and full maturity. During this period, formation of the cereal harvest is already finished and, in case of unfavourable weather conditions, grains can start sprouting, which can result in reduced falling number. Under very wet harvesting conditions wheat can attain alpha-amylase activity that is considered to be too high (Kettlewell and Cashman, 1997; Kettlewell, 1999; Kunkulberga et al., 2007) .
Producers with wheat stored for a few months have observed change in what grain qualities (Maðauskiene and Cesevièiene, 2005) , which can affect the price of wheat and consumer acceptance of finished products. The aim of this investigation was to determine grain quality indices during storage in relation to different rates of nitrogen fertiliser application. The fertiliser background NPK (6 : 26 : 30) was 250 kg ha -1 applied in autumn. Nitrogen was applied in spring after resumption of vegetative growth. Nitrogen top application rates were as follows: N60, N90, N120 and N150. All the necessary plant protection measures were performed. Grain was harvested at full ripeness from each replication separately. The sampling procedure for grain quality evaluation was performed according to standard ICC 101/1 for obtaining an average sample. Grain with a moisture content exceeding 14% was dried. Freshly harvested grain of each variety was placed into separate bags. Grain samples for analyses were taken three times: fresh and stored grain -60 and 120 days after harvest. The air temperature and relative air humidity in the storage house depended on the outdoor conditions.
MATERIAL AND METHODS

Field
Weather data collection. In 2010 and 2011, the air temperature in spring was close to long-term average observations (norm), which promoted plant growth and development. Mean May temperature was +12. Average daily temperature in June was close to normal in both investigation years. Temperature in the grain filling period (July), which is most decisive for grain quality formation, was similar in both years -21. Water availability has effect on wheat yield (Gooding et al., 1997; Povilaitis and Lazauskas, 2010) . May in 2010 was wet, when precipation was 84.6 mm, or 179% higher than the long-term average for this month. In 2011, extremely dry conditions occurred during the third decade in April and first decade in May. In the second decade of May, precipitation was 49 mm, or 296% of the long-term average for this decade.
Precipitation in June 2010 and 2011 was close to normal; July in 2010 and 2011 was very rainy with total precipitation 298 mm and 179 mm (318% and 217% compared with the long-term averages). The rainy weather delayed ripening of grain. Precipitation was lower in the beginning of August. Winter wheat was harvested on 4 August in 2010, and on 5 August in 2011.
Technological properties of wheat. The technological properties of wheat were determined at the Latvia University of Agriculture, in the Grain and Seed Research laboratory. Grain was milled to wholemeal flour using a Perten Laboratory Mill 3100 with 0.8 mm sieve. Grain protein content (PC) was calculated by multiplying total nitrogen content by a factor of 5.7. Total N was determined by Kjeldahl method (ICC 105/2; Kjeltec system 1002, Foss Tecator AB, Sweden). Sedimentation (SED) was measured according to Zeleny (ICC116/1, ICC 118) and falling number (FN) as alpha-amylase activity by Hagberg-Perten method (ICC 107/1, Falling Number 1500, Perten instruments, Sweden). Wet gluten content (WG) was washed from whole meal flour (14%) and the gluten index (GI) was measured according to Perten (ICC 155, Glutomatic 2100, Centrifuge 2015, Perten Instruments, Sweden).
Statistical analysis. Experimental data evaluation was conducted using two-factor analysis of variance (ANOVA). Mean, standard error of the mean, coefficients of variation and least significant difference (LSD 0.05 ) were determined. Correlation analysis between measured grain quality indices was also carried out.
RESULTS
Average grain yield in 2010 was higher for cultivar 'Bussard' (6.39 t ha -1 ) than for 'Zentos' (6.42). The respective values in 2011 were 5.19 t ha -1 and 6.24 t ha -1 .
Grain qualities of the cultivars differed. 'Bussard' grain had higher protein content, wet gluten, sedimentation value and lower falling number, compared with 'Zentos' grain. Highquality wheat grain is required for the milling and baking industries. The coefficient of variation (CV%) of the grain quality indices was as follows: grain protein content (CV% up to 6.5), wet gluten and Zeleny sedimentation value (CV 6.4-8.2), falling number CV 7.4 for 'Zentos' and 10.6 for 'Bussard' (Table 1) .
We compared the quality of the studied grain to quality requirements set by the grain processing company "Dobeles dzirnavnieks" (Anonîms, 2011) . In that company, thresholds for protein contents are: Elite and A quality class > 145 g kg -1 first class > 140 g kg -1 , second class > 130 and third class > 120 g kg -1 .
The average range of protein content in 'Bussard' grain was higher than 21.0 g kg -1 compared with 'Zentos' ( Table 2) .
Nitrogen fertilisation led to a significant increase of protein content for both cultivars. Protein content in 'Bussard' grain in both years exceeded 145 g kg -1 , thus corresponding to the Elite class, while 'Zentos' mostly corresponded only to the first and second class. The first class quality was reached only in plots in 2011 fertilised with N120 and N150. Protein content in 'Bussard' and 'Zentos' did not significantly differ (1.3 g kg -1 ) depending on storage.
Sedimentation value is a protein quality attribute. A measure of the sediment that results when lactic acid is added to a sifted ground wheat sample can be used as an indicator of gluten quality, and thus, the baking quality of wheat flour. Nitrogen fertiliser had a significant effect on sedimentation value (Table 3 ). Wheat fertilised with higher nitrogen According to requirements of the grain processing company "Dobeles dzirnavnieks", wet gluten can be classified into six classes. The Elite class, A class and first class are referred to as very good with wet gluten above 280 g kg -1 , the second class is referred to as good with wet gluten above 260 g kg -1 , the third is considered wet gluten above 240 g kg -1 and the fourth class is referred to as low with wet gluten below 200 g kg -1 .
Nitrogen fertilisation significantly increased wet gluten content in both cultivars (Table 4 ). In both experimental years wet gluten content in 'Bussard' grain corresponded to Elite class (> 280 g kg -1 ) and 'Zentos' grain corresponded to the third quality group (> 240 g kg -1 ) in plots with N90, N120, N150 applied. The differences in gluten content among different samples can be explained by genetic variation in the wheat cultivars (Panozzo, 2000; Ruza et al., 2002) .
During storage wet gluten content in grain declined. Change of wet gluten content after 60 days was most significant for both 'Bussard' 2-11 g kg -1 and for 'Zentos' 2-9 g kg -1 . After 120 days wet gluten content decreased by 7-25 and 8-17 g kg -1 , respectively. During the initial 60 days of storage, gluten became stronger (Table 5 ). In 2010, the difference in gluten index between freshly harvested grain and the grain stored for 60 or 120 days for 'Bussard' was from 2.0 to 8.5, and in 2011 from 2.0 to 9.5 units. For 'Zentos', from the respective values were 2.5 to 8.5 and 2.0 to 8.0.
Gluten quality was determined by centrifugation method. A higher gluten index indicates stronger gluten. The first quality group (60-90) of gluten is very good, the second group (40-60) is satisfactory, the third (> 90) is unsatisfactory strong, and the fourth (< 40) is unsatisfactory weak. Only grain containing gluten of the first or second gluten quality group is suitable for bread production (Ruza, 1998) .
In both experimental years the wet gluten index for 'Bussard' grain corresponded to the first quality group (71-90 units) and 'Zentos' grain to the first and second group (52-68 units). Nitrogen fertilisation did not significantly affect gluten index.
The winter wheat was harvested in optimal time and the maturation phase (91 stages) was reached, indicating that the weather conditions were favourable. The Hagberg falling number for both studied varieties was high: average for cultivar 'Bussard' was 357 s, and for 'Zentos' -438 s (Table 6), thus reaching standards of the Elite, A and first class) of food grain quality exceeding 270 s. pha-amylase declined during grain storage. The falling number after 60 days stored wheat grain was by 12-42 s higher compared with freshly harvested grain and by 30-62 s higher in grain stored for 120 days.
DISCUSSION
Our experiment confirmed the investigations of Hruskova et al. (2004) and Maðauskiene and Cesevièiene (2005) who observed only slight changes in protein content during grain storage.
Increase of gluten index during storage of 'Zentos' freshly harvested grain in 2010 raised quality from the second class to the first quality group, as it became stronger and the index was above 60 units. Hruskova et al. (2004) also reported a significant increase of grain gluten index after two months of storage.
Falling number indirectly indicates alpha-amylase activity, which results from sprout damage. A high falling number value indicates low alpha-amylase activity. Alpha-amylase activity depends on weather conditions and, particularly, precipitation and mineral fertilisation (McDonald an Vaidyanathan, 1987; Janusauskaite, 1999; Triboi-Blondel, 2001; Cesevièiene and Maðauskiene, 2007) . Kettlewell (1999) observed that less active alpha-amylase, which causes pre-harvest grain sprouting, dominates among the alpha-amylases in the grain of wheat fertilised with low nitrogen rates. In our experiment, the grain falling number for cultivar 'Zentos' was higher (non-significantly) in plots fertilized with nitrogen at the highest rate, but only in 2010. Thus, we found that nitrogen fertiliser did not affect the falling number, in contrast to other studies (Janusauskaite 1999 , Cesevièiene and Maðauskiene 2005 , Stankovski et al., 2004 in which the falling number was dependent on the dose of nitrogen fertiliser.
Falling number increased during grain storage, as previously observed (Maðauskiene and Cesevièiene 2005) trials. The reason for the increase in the falling number during grain storage could be a reduction in pericarp alpha-amylase activity (Lunn et al., 2001) . The falling number values during storage were not related to the nitrogen fertiliser use.
The significant high positive correlation for cultivar 'Zentos' between protein content and wet gluten (r = 0.82; n = 24, a 0.05 = 0.404, a 0.01 = 0.515) is in agreement with the findings of other researchers (Grausgruber et al., 2000; Mladenov et al., 2001) . The high positive correlation between protein content and sedimentation value for 'Zentos' (r = 0.91) is in close agreement with that reported previously (Mladenov et al., 2001, Gaile and Kopmanis 2002) . Significant high positive correlation was observed between wet gluten and sedimentation value for both 'Bussard' (r = 0.80) and Zentos' (r = 0.74). The observed correlations between traits depend on both genetic and environmental factors.
The effect of nitrogen fertilisation rate and its distribution on grain qualities depends on weather conditions during the grain ripening period. Cultivar 'Bussard' grain had higher quality indices in both years of trials, suggesting that the variety can more effectively utilize nitrogen fertiliser. A cultivar depends not only on its genetic potential for particular characters but also on its ability to realize this potential in actual production and under different environmental conditions (Dotlacil and Toman 1991; Mladenov et al., 2001; Teesalu and Leedu, 2001) . Wheat varieties differ significantly in their grain quality. Nonetheless, environmental factors play a major role in the expression of genotype characteristics (Lucov and McVetty 1991).
In conclusion, nitrogen fertilisation had significant effect on grain protein and gluten content, gluten index, and sedimentation, but not on falling number. During both trial years, the quality of the studied winter wheat grain met demands set for food grain. Differences in grain qualities were observed after storage for 60 and 120 days. Protein content in 'Bussard' and 'Zentos' was not affected by storage. During the storage period, Zeleny sedimentation values significantly decreased by up to 5.7 cm 3 . Significant reductions in wet gluten content by 15.8 g kg -1 and increase in gluten index by 7 units also occurred. The falling number increased by up to 49.0 s during 120 days of storage.
